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Claims: 

1 . A composition comprising: 

a molecular species able to integrate into a self-assembled monolayer, comprising 
a metallocene including at least two substituents. 

2. A composition as in claim 1, including two substituents. 

3. A composition as in claim 1, wherein the substituents are electron-donating. 

4. A composition as in claim 1, wherein the substituents comprise alkyl groups. 

5. A composition as in claim 1, wherein the substituents comprise methyl groups. 

6. A composition as in claim 5, wherein the metallocene is ferrocene. 

7. A composition as in claim 1, wherein the metallocene is ferrocene. 

8. A composition as in claim 1, wherein the metallocene includes eight substituents. 

9. A composition as in claim 8, wherein the substituents are electron-donating. 

10. A composition as in claim 8, wherein the substituents comprise alkyl groups. 

11. A composition as in claim 8, wherein the substituents comprise methyl groups. 

12. A composition as in claim 11, wherein the metallocene is ferrocene. 

13. A composition as in claim 8, wherein the metallocene is ferrocene. 

14. A composition as in claim 1, the molecular species comprising a chemical group 
selected to adhere to a surface. 
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15. A composition as in claim 14, wherein the chemical group is a thiol. 

16. A composition comprising: 

a molecular species able to integrate into a self-assembled monolayer, comprising 
5 an electroactive species having a redox potential less than 490mV (vs Ag/AgCl). 

17. A composition as in claim 16, wherein the electroactive species has a redox 
potential of about 400mV or less. 

10 18. A composition as in claim 16, wherein the electroactive species has a redox 
potential of about 350mV or less. 

19. A composition as in claim 16, wherein the electroactive species has a redox 
potential of about 300mV or less. 

15 

20. A composition as in claim 16, wherein the electroactive species has a redox 
potential of about 250mV or less. 

21. A composition as in claim 16, wherein the electroactive species has a redox 
20 potential of about 220mV or less. 

22. A composition as in claim 21, wherein the electroactive species comprises a 
metallocene. 

25 23. A composition as in claim 21, wherein the metallocene is ferrocene. 

24. A composition as in claim 16, wherein the metallocene is ferrocene. 

25. A composition as in claim 24, wherein the metallocene is ferrocene. 

30 

26. A composition as in claim 25, wherein the ferrocene includes at least two 
substituents. 
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27. A composition as in claim 26, wherein the at least two substituents each are 
located on a cyclopentadiene group. 

28. A composition as in claim 27, wherein the at least two substituents comprise one 
5 methyl group on each cyclopentadiene of the ferrocene. 

29. A composition as in claim 26, wherein the metallocene comprises ferrocene 
including eight substituents. 

10 30. A composition as in claim 29, wherein the eight substituents comprise eight 
methyl groups. 

31. A composition comprising: 

a molecular moiety that promotes electron flow through a self-assembled 
15 monolayer connected to a metallocene including at least two substituents. 

32. A composition comprising: 

a molecular moiety that promotes electron flow through a self-assembled 
monolayer connected to an electroactive species having a redox potential less than 490 
20 mV. 

33. A self-assembled monolayer comprising a plurality of molecular species as 
recited in claim 1 . 

25 34. A self-assembled monolayer comprising a plurality of molecular species as 
recited in claim 16. 

35. A self-assembled monolayer comprising a plurality of molecular species as 
recited in claim 3 1 . 

30 

36. A self-assembled monolayer comprising a plurality of molecular species as 
recited in claim 32. 
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37. A molecular species comprising: 

X-R-Y 

wherein X comprises a functional group selected to adhere to a surface, R is a 
5 chemical bond, a spacer moiety that can form part of a self-assembled monolayer, a 
moiety that promotes electron flow through a self-assembled monolayer, or a 
combination, and Y comprises an electroactive signaling entity having a redox potential 
of less than 490 mV. 

10 38. A molecular species as in claim 37, wherein X comprises a thiol. 

39. A molecular species as in claim 37, wherein R is a chemical bond. 

40. A molecular species as in claim 37, wherein R is a spacer moiety that can form 
15 part of a self-assembled monolayer. 

41 . A molecular species as in claim 40, wherein R is a spacer moiety that promotes 
formation of a self-assembled monolayer of a plurality of molecules including R. 

20 42. A species as in claim 37, wherein Y comprises a substituted metallocene. 

43. A molecular species as in claim 42, wherein the metallocene includes at least two 
substituents. 

25 44. A molecular species as in claim 43, wherein the at least two substituents are 
electron-donating groups. 

45. A molecular species as in claim 44, wherein the at least two substituents 
comprise alkyl groups. 

30 

46. A composition as in claim 45, wherein the at least two substituents comprise 
methyl groups. 
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47. A composition as in claim 46, wherein the metallocene comprises ferrocene. 

48. A composition as in claim 44, wherein the metallocene comprises ferrocene. 

5 49. A composition as in claim 44, wherein the metallocene comprises eight 
substituents. 

50. A kit comprising: 

a first electroactive species having a first redox potential, immobilizable with 
10 respect to a first chemical or biological binding partner; and 

a second electroactive species having a second redox potential, immobilizable 
with respect to a second chemical or biological binding partner. 

51. A kit as in claim 50, wherein at least one of the first or second electroactive 
15 species comprises a metallocene. 

52. A kit as in claim 50, wherein each of the first and second electroactive species 
comprises a metallocene. 

20 53. A kit as in claim 52, wherein each of the metallocenes has a redox potential less 
than about 490mV. 

54. A kit as in claim 52, wherein each of the metallocenes has a redox potential about 
340mV or less. 

25 

55. A kit as in claim 52, wherein each of the metallocenes has a redox potential about 
340mV or less. 

56. A kit as in claim 50, wherein each of the first and second electroactive species 
30 comprises ferrocene including at least two substituents. 

57. A kit as in claim 56, wherein the at least two substituents are electron-donating. 



-35- 

58. A kit as in claim 57, wherein the at least two substituents comprise alkyl groups. 

59. A kit as in claim 58, wherein the at least two substituents comprise methyl 
groups. 

60. A kit as in claim 95, comprising eight substituents. 

61. A kit as in claim 50, wherein the first electroactive species is immobilized with 
respect to the first chemical or biological binding partner and the second electroactive 
species is immobilized with respect to a second chemical or biological binding partner. 

62. A method comprising: 

determining a chemical or biological binding event indicated by a first redox 
potential of a first signaling entity in an assay involving also a second signaling entity 
having a second redox potential. 

63. A method as in claim 62, wherein at least one of the first or second signaling 
entities comprises a metallocene. 

64. A method as in claim 62, wherein each of the first and second signaling entities 
comprises a metallocene. 

65. A method as in claim 62, wherein each of the first and second signaling entities 
comprises ferrocene. 

66. A method as in claim 65, wherein at least one ferrocene includes a substituent. 

67. A method as in claim 66, wherein the substituent is electron-donating. 

68. A method as in claim 62, comprising: 

exposing an analyte to the first signaling entity, immobilized with respect to a 
first chemical or biological binding partner and the second signaling entity, immobilized 
with respect to a second chemical or biological binding partner; 
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allowing the first binding partner to bind to the analyte thereby immobilizing the 
first signaling entity with respect to the analyte; and 

determining immobilization of the first binding partner with respect to the 
analyte. 

5 

69. A method as in claim 62, comprising exposing a first ligand immobilized with 
respect to a first signaling entity and second ligand immobilized with respect to a second 
signaling entity to a cell including a predetermined level of a first cell surface receptor 
that is a binding partner for the first ligand and a second cell surface receptor that is a 

10 binding partner to the second ligand, allowing the first ligand to bind to the first cell 
surface receptor and the second ligand to the second cell surface receptor, and 
determining the level of the second cell surface receptor at the cell surface from a signal 
from the second signaling entity calibrated with respect to a signal from the first 
signaling entity. 

15 

70. A method as in claim 69, wherein at least one of the first or second signaling 
entities comprises a metallocene. 

71. A method as in claim 70, wherein each of the first and second signaling entities 
20 comprises ferrocene. 

72. A method as in claim 70, wherein at least one of the first or second metallocenes 
includes a substituent. 

25 73. A method as in claim 70, wherein the metallocene comprising the first signaling 
entity has a redox potential different from that of the metallocene comprising the second 
signaling entity. 

74. A method comprising: 
30 determining effectiveness of a candidate drug in inhibiting binding of a first 

binding partner to a second binding partner by exposing the first binding partner, linked 
to a metallocene, to the second binding partner in the presence of the candidate drug and 



-37- 

determining binding of the first binding partner to the second binding partner by 
determination of redox potential of the metallocene. 

75. A method comprising: 

5 determining effectiveness of a candidate drug in inhibiting binding of a first 

binding partner to a second binding partner by exposing the first binding partner, 
immobilized with respect to a first signaling entity, and the candidate drug, immobilized 
with respect to a second signaling entity, to the second binding partner and determining 
relative binding of the first binding partner or candidate drug to the second binding 
10 partner by determining proximity of the first or second signaling entity to the second 
binding partner. 

76. A method as in claim 75, wherein at least one of the first or second signaling 
entities comprises metallocene. 

15 

77. A method as in claim 76, wherein each of the first and second signaling entities 
comprises a metallocene. 

78. A method as in claim 77, wherein each of the first and second signaling entities 
20 comprises a ferrocene. 

79. A method as in claim 78, wherein the first signaling entity has a redox potential 
different from that of the second signaling entity. 

25 80. A method as in claim 79, wherein the first signaling entity comprises ferrocene 
substituted to a different extent than that of the second signaling entity. 



